conclusions on the relative changes in venous and arterial resistances differ from those of others. 1 " 4 Using the total hind parts of cats, they concluded, on the basis of measurement of changes in volume, in rate of venous outflow, and in protein content of the drained venous plasma, that both sympathetic stimulation and norepinephrine constricted precapillary resistance vessels relatively more than postcapillary vessels. On the other hand, interpretation is more difficult when flow to the limb is not kept constant, 1 ' 3 -7 ' 8 or is reduced greatly. 9 -11 The effects of sympathetic nerve stimulation on small artery and small vein pressures in the paw, when rates of blood flow are constant, have not been reported. Observations on simultaneous changes in pressure in small vessels of the paw and small vessels of the proximal muscular parts of the foreleg have not been made. This information is important because responses of blood vessels in skeletal muscle may differ from responses of vessels that supply the predominantly cutaneous paw. Such differences might account for discrepancies between results obtained by Mellander, who studied the effect of nerve stimulation in a predominantly muscular bed, 5 and those obtained by Kelly and Visscher 1 and by Davis 7 who made their observations on the paw. Unequal changes in these parallel-coupled vascular resistances also may cause redistribution of blood flow between paw and muscle.
The present study was done to compare the effects of norepinephrine and stimulation of sympathetic nerves on veins, arteries, and small vessels in paw and muscle of the perfused foreleg of the dog.
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Methods
The experimental preparation is basically the perfused foreleg of the dog in which small vessel pressures in paw and muscle are measured according to Haddy's technique. 12 Male mongrel dogs weighing 14 to 20 kg were anesthetized with chloralose, 50 mg/kg, and urethane, 500 mg/kg. Decamethonium bromide, 0.3 mg/kg, was given intravenously to prevent contraction of skeletal muscle. The dogs were ventilated artificially through a cuffed endotracheal tube connected to a respiratory pump.
Nerve stimulation was accomplished via platinum bipolar electrodes applied to sympathetic fibers (gray ramus communicans to C7) extending from the stellate ganglion 18 in 27 dogs or applied to the large trunks of the brachial plexus in 11 dogs.
PRESSURE MEASUREMENTS
The brachial artery and vein, a small muscular artery supplying the medial head of the triceps, and a small muscular vein draining the biceps were exposed high in the left foreleg. A superficial volar metacarpal artery and a superficial dorsal metacarpal vein were exposed in the paw. Small polyethylene catheters (PE10, 0.6 mm O.D.) filled with heparin were manipulated upstream through the small veins for a distance of 1 to 2 cm in the muscle and 2 to 3 cm in the paw, and downstream through the small artery in the muscle for a distance of 1 cm. A glass tube with a polished tapered end measuring 0.5 mm O.D. was inserted downstream into the metacarpal artery and advanced 1 cm. The catheters and tube were tied in place. Blood could be aspirated and saline infused freely through all cannulae, indicating adequate collateral connections. After intravenous injection of heparin, 5 mg/kg, the brachial artery was ligated, partially transected, and its distal segment perfused with blood from the right femoral artery using a Sigmamotor pump. Ligatures were tied around the muscle groups high in the leg to prevent collateral circulation.* The pump was adjusted initially so that perfusion pressure of the foreleg was approximately equal to systemic arterial pressure. The same flow was maintained throughout the experiment. Flow rates ranged from 55 to *The absence of collateral circulation into the foreleg was confirmed in many experiments by the abrupt fall of small artery pressures in both muscle and paw to levels of 15 to 20 mm Hg and by the complete arrest of venous return through both the cephalic and brachial veins as soon as the perfusion pump was stopped. 120 ml/min and averaged 79 ml/min ( ± 2 . 7 SE) in 38 experiments. Pressures in the perfused brachial artery, the brachial or cephalic vein, the small arteries, and small veins in the forepaw and in the muscle were measured with Statham transducers. Transducers having a volume displacement of 0.01 mm 8 /100 mm Hg (model P23Gb) were used for pressure measurements in small vessels. All pressures were recorded continuously with a Sanborn direct-writing oscillograph.
Two msec square waves of supramaximal voltage (15 to 20 volts) were delivered to the nerves at rates of 1.5, 3, 6, and 12 per second for periods of 30 to 60 seconds with a Grass S4 stimulator. In 11 dogs the thoracotomy was avoided and the distal ends of the severed median, ulnar, radial, and musculocutaneous nerves were stimulated after they had been exposed high in the foreleg. In preliminary experiments, vascular responses to stimulation of these nerve trunks were similar to those observed with stimulation of the sympathetic nerve extending from the stellate ganglion. The administration of decamethonium bromide did not alter the responses to either nerve stimulation or the administration of norepinephrine.
Norepinephrine bitartrate was injected into the distal tubing of the pump close to the brachial artery. Fresh dilutions of norepinephrine in 5% glucose in water were made at the beginning of each experiment. The doses were 1.0 and 2.0 /jig of norepinephrine base and the volume injected ranged from 0.05 to 0.2 ml.
FLOW MEASUREMENTS
Although total arterial inflow to the foreleg was constant, the calculation of changes in segmental vascular resistances in paw and muscle would not be possible from observations of pressor responses alone. Redistribution of flow might occur between paw and muscle of the foreleg during nerve stimulation and after administration of norepinephrine. It is possible that in these parallel-coupled vascular beds, in which total flow is constant, blood could be diverted from a site of intense constriction toward the bed which is less constricted. Changes in pressure would reflect changes in both flow and resistance ( fig. 1 
Diagram of venous drainage through the cephalic and brachial veins. Tracings represent recordings obtained with Shipley-Wilson rotameters during nerve stimulation. Arterial inflow was maintained constant by perfusing the brachial artery.
FIGURE 1
Upper: Diagram of parallel-coupled vascular beds in the foreleg. Possible site of arterial constriction that could cause redistribution of flow away from the paw and into more proximal muscular parts of the foreleg is shown. Arrows indicate other sites at which constriction would produce the pressor responses that were observed. Lower: Diagram of preparation used in group of experiments in which both the metacarpal artery and the brachial artery were perfused with two separate Sigmamotor pumps. A clamp was tightened around the carpus to occlude collateral arterial inflow into the paw without interfering with venous drainage. Arrows indicate possible sites of constriction. measured with a Shipley-Wilson rotameter* and recorded continuously. In five subsequent experiments, a second rotameter was available and venous return through the cephalic vein was measured and recorded simultaneously with the flow through the brachial vein ( fig. 2 ). The nerves of the brachial plexus were stimulated as described above.
The results were expressed as per cent change in flow because in the first seven experiments we measured venous return through only one vein of the paw (the accessory cephalic vein) and we did not know the absolute amount of venous return from the entire paw. From the per cent change in blood flow through cephalic and brachial veins and the per cent change in pressure gradients between the consecutive vascular segments! in both paw and muscle, per cent change in arterial, small vessel, and venous •Zero-flow base line was established frequently throughout each experiment by shunting blood flow past the rotameter. At the end of each experiment, blood was allowed to flow through the rotameter into a graduated cylinder for calibration. Calibrations were made at two levels of flow. The responses of the rotameters were linear within the range of flows encountered. fPressure gradients between brachial artery and small artery (metacarpal or muscular), small artery and small vein (metacarpal or muscular) and small vein and large vein were used to calculate arterial, small vessel and venous resistances respectively in paw and in muscle. Changes in small vein pressure may result from a change in resistance of the venous segment at any point downstream from the tip of the small vein cannula. In the preceding experiments, pressor responses in small vessels of paw and muscle were measured when blood flow to the whole foreleg was maintained constant. Redistribution of flow away from the paw and into proximal parts of the foreleg occurred, and the pressor responses reflected not only changes in vascular resistance but also changes in flow. Additional experiments were designed to re-evaluate the pressor responses at constant rates of flow to paw and muscle and to obtain estimates of absolute changes in segmental vascular resistances. Pressor responses were measured in paw and muscle during simultaneous but separate perfusion of both the paw and the remaining proximal parts of the foreleg.
For these experiments the basic preparation was as described above but, in addition to the brachial artery perfusion pump, a second small Sigmamotor pump was interposed between the left femoral artery and the metacarpal artery. The metacarpal artery also was perfused at constant rate. Metacarpal arterial pressure, which is the perfusion pressure of the paw, was measured from a sidearm of the cannula used to perfuse the paw. To prevent collateral circulation to the paw from proximal sources, the ulnar and volar interosseous arteries were ligated. A circular metal clamp was passed under the exposed accessory cephalic and cephalic veins and tightened around the carpus to occlude other collateral vessels. Figure 1 (lower half) is a schematic diagram of the preparation. After application of the clamp, the brachial artery pressure increased because arterial inflow through the brachial artery did not perfuse the parallel-coupled vessels of the paw.
In each experiment perfusion of the paw was independent of brachial inflow.* Blood flow through the metacarpal artery averaged 8.2 ml/ min ( ± 0 . 5 SE) in 18 dogs. This flow supplied essentially the middle volar metacarpal artery and its collaterals. Flow was adjusted initially so that metacarpal artery pressure was the same *When brachial arterial inflow was stopped, there was no change in arterial pressure in the paw. Injections of norepinephrine into the brachial artery did not cause any response in the small artery of the paw ( fig. 3 ). Pressor responses to injections of norepinephrine (NE) into the brachial and metacarpal arteries when only brachial artery was perfused and also when both brachial and metacarpal arteries were perfused separately. Note the absence of response in the metacarpal artery to the intrabrachial injection of NE when both brachial and metacarpal arteries were perfused separately indicating the occlusion of all collaterals between the two beds. Paper speed was 0.5 mm/sec in all experiments so that distance between two heavy time lines represents a period of 10 seconds.
during pump perfusion as it was before pump perfusion was initiated. The sympathetic nerve as it extended from the stellate ganglion was stimulated as described above.
Results
NERVE STIMULATION
Pressor Responses
Increases in perfusion pressure (brachial artery pressure) were progressively greater with increasing frequencies of stimulation (table 1 and fig. 4 ). Increases in large vein pressure were small.
Small Vessels in Paw. Small artery pressures increased slightly during the first two or three seconds of stimulation in most ex- Effects of nerve stimulation at increasing frequency on pressures in large and small vessels in paw and muscle in perfused foreleg. Responses in the three columns to the left were obtained when only the brachial artery was perfused and the responses in the three columns to the right were recorded when both brachiaX and metacarpal arteries were perfused separately but simultaneously, cps: frequency of nerve stimulation in cycles per second.
Effects of Neroe Stimulation and of Intra-arterial Injections of Norepinephrine on Pressor Responses in Small and Large Vessels of Paw and Muscle and on Brachial and Cephalic Vein Flow in the Perfused Foreleg of Dog
periments ( fig. 4 ). This rise was followed by a sharp reduction of pressure which was sustained throughout the period of stimulation. Pulse pressure also decreased. Occasionally at lower frequencies (1.5 and 3 cycles per second), a secondary small rise in small artery pressure occurred during stimulation ( fig. 4 ). Immediately after the end of stimulation, in most experiments, there was an abrupt secondary reduction of small artery pressure. This post-stimulation depressor response lasted from 30 seconds to 3 minutes depending on the frequency of stimulation (fig-4 ). Small vein pressure increased slowly during stimulation ( fig. 4 ). The peak pressure in the small veins was always lower than the simultaneously recorded small artery pressure (table 1). A venous pulse was often visible at the peak of the pressor response. A transient further increase in small vein pressure was noted frequently at the end of stimu-lation (figs. 5 and 6), and it was followed by a slow decline toward control levels.
SmaU Vessels in Muscle. Small artery pressure increased progressively with increasing frequencies of stimulation (table 1). The rise in small artery pressure was smaller than the rise in brachial artery pressure (table 1 and fig. 4 ). The increase in small vein pressure averaged about one-half to one-third of the increase in pressure gradients across the arterial and small vessel segments ( fig. 4 ).
Redistribution of Flow and Changes in Segmental Resistance*
Venous return from the paw decreased and brachial vein outflow increased in most experiments during nerve stimulation, particularly at high frequencies (table 1) . A doseresponse relationship was observed ( fig. 7 ). After stimulation, cephalic vein flow returned to levels above control. Brachial vein outflow decreased to levels below control in the post-stimulation period ( fig. 7) .
The per cent increase in arterial resistance Comparison of pressor responses in paw and muscle during nerve stimulation. Responses in the first and third columns were obtained from small arteries and small veins in paw and muscle when only the brachial artery was perfused. Responses in the second and fourth columns were obtained from the same vessels when both the brachial and the metacarpal arteries were perfused separately but simultaneously. The sharp decrease of small artery and small vein pressures in muscle occurred when the pump supplying the brachial artery was stopped (second column). This maneuver did not alter small artery or small vein pressures in paw which was perfused independently, indicating that all collaterals to the paw had been occluded.
of arterial segments supplying the paw exceeded that in any other vascular segment in either paw or muscle ( Effects of increasing frequencies of nerve stimulation (N.S.) on venous return through cephalic and brachial vein and on pressures in the perfused brachial artery (P.P.) and small arteries (S.A.) in muscle and paw. Decreases in small artery pressure in the paw were caused in part by decreases in paw flow as indicated by decreases in venous return through the cephalic vein. Conversely, increases in small artery pressure in muscle were caused in part by increases in muscle flow as indicated by increases in venous return through the brachial vein. *Mean values of the responses were statistically significant ( P < 0 . 0 5 ) . tResponses in vessels of the paw were significantly different ( P < 0 . 0 5 ) from those observed in corresponding segments in the muscle.
fResponses to 1 and 2 Mg of norepinephrine were significantly different from corresponding responses to nerve stimulations at 3 and 6 cycles per second respectively. Comparisons were made using a paired t-test. 
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Responses During Separate Perfusion of Brachial and Metacarpal Arterln
Responses in Paw. An initial increase in small artery pressure lasted 5 to 15 seconds (figs. 4 and 6) and was followed by either a gradual return to control pressure, or a small increase to levels above, or a decrease to levels below, control pressure. A post-stimulation depressor response was observed in this group also ( fig.  6 ). The rise in small vein pressure in the paw was greater and more abrupt when the metacarpal artery was perfused (table 3) than when the brachial artery alone was perfused ( figs. 4 and 7) . The post-stimulation overshoot in venous pressure was not observed ( fig. 7) . Calculation of the pressure gradient between small artery and small vein during the last 10 seconds of stimulation indicated a decrease in small vessel resistance in 11 of 17 experiments (table 3). In three experiments, an abrupt rise in small artery pressure persisted during stimulation at high frequencies. Calculation of resistance of large arteries supplying the paw was not possible in these experiments because the carpal clamp occluded blood flow to arteries upstream from the perfused metacarpal artery.
Responses in Muscle. The increases in small artery and small vein pressure in muscle were smaller (table 3 and small vessel segments in the muscle constrict equally and more than the venous segment (table 3) .
NOREPINEPHRINE Pretsor Responses
One and 2 fig of norepinephrine caused elevations in brachial artery pressure which were equivalent to those observed with nerve stimulation at 3 and 6 cycles per second respectively (table 1, fig. 5 ). There were no significant changes in large vein pressure.
Small Vessels in Paw. In contrast to the effect of nerve stimulation, small artery pressure increased; the increments were the same or greater than increments in brachial artery pressure (table 1). Increases in small vein pressure were smaller than those observed with nerve stimulation at 3 and 6 cycles per second (table 1, fig. 5 ).
Small Vessels in Muscle. The increases in small artery pressure with 1 and 2 /xg of norepinephrine were greater than those observed with nerve stimulation at 3 and 6 cycles per second (table 1, fig. 5 ). Changes in small vein pressure were small and not significantly different from those observed with nerve stimulation.
Redistribution of Flow and Changes In Segmental Resistance
Venous return through the cephalic vein decreased and venous return through the brachial vein increased immediately after the injection of norepinephrine (table 1) . These changes were transient and small ( fig.  8 ). Flows returned to control levels as the effect of the drug receded. The largest per cent increase in resistance was that of the small vessel segment in the paw (table 2) . The per cent increase in venous resistance was greater in paw than in muscle (table 2) .
Discussion
Kelly and Visscher 1 and Davis and Hamilton 7 studied the effects of nerve stimulation on small artery and small vein pressures in the hind paw of the dog, but they did not attempt to maintain blood flow constant. Consequently, the rate of flow to the hind paw decreased markedly and was often arrested completely during nerve stimulation. Such a decrease in flow makes the interpretation of the pressor responses difficult. 11 The foreleg preparation, with flow controlled, offers several advantages in studying the effects of nerve stimulation. A high rate of flow could be maintained in the paw even at high frequencies of stimulation by perfusing the brachial artery with a pump. Pressor responses to the same stimulus could be observed in vessels of both paw and muscle simultaneously. Redistribution of flow between paw and muscle could be detected by measuring venous outflow from the cephalic and brachial veins. By perfusing the paw and proximal parts of the foreleg separately, we could study responses at constant rates of flow in the two beds simultaneously.
The major difference between the pressor responses to nerve stimulation and to norepinephrine was the change in small artery pressure. Small artery pressure increased in both paw and muscle in response to norepinephrine but decreased in paw and increased in muscle with nerve stimulation.
The opposite responses observed in paw and muscle with nerve stimulation preclude the use of small vessel pressures in paw to estimate changes in arterial, small vessel, and venous resistances in the entire perfused foreleg as has been done in the past. This calculation implies that changes in small artery and small vein pressures in paw are similar to those of all other small arteries and Circulation Reitarcb, Vol. XVIII, Msrcb 1966 veins of similar size in the foreleg. This was shown not to be true with nerve stimulation. Such an assumption may be true, however, with respect to the effect of several vasoactive drugs ( fig. 5 ). In 12 of 23 experiments, the difference between responses of small arteries in muscle and paw to norepinephrine was less than 5 mm Hg. It should be emphasized that calculations based on pressor responses in the paw would provide valid estimates of segmental vascular resistances in the foreleg as a whole if pressor responses in small vessels of the paw were equivalent to responses in corresponding vessels in other parts of the foreleg. A definition of the individual contribution of parallelcoupled vascular beds would not be possible, however, without knowledge of both pressure and flow in each bed. From pressor responses alone one cannot determine to what extent the rise in small artery pressure in muscle was caused by an increase in muscle flow, and to what extent the fall in small artery pressure in paw was caused by a decrease in paw flow. Although total blood flow to the foreleg was constant, the possibility that changes in small artery pressures in paw and muscle were caused entirely or partly by redistribution of flow away from paw and into muscle had to be considered.
The decreases in venous return from the paw and the increases in venous return through the brachial vein during nerve stimulation indicate that redistribution of arterial inflow away from the paw and into the more proximal muscular parts of the foreleg occurred. The diversion of flow resulted from vasoconstriction which was relatively greater in the paw than in other parallelcoupled vessels in the rest of the foreleg. The reduction of small artery pressure in the paw must have been caused in part by the decrease in paw flow. This decrease in flow, however, does not account for all the depressor response. The fall in pressure resulted also in part from a decrease in small vessel resistance downstream from the metacarpal artery. The major site of constriction which caused the diversion of blood flow must have Circulation Rciurcb, Vol. XV111, Mtrcb 1966 been in the arterial segment upstream from the metacarpal artery.
In spite of this decrease in blood flow to the paw, the increases in small vein pressure in the paw were large, indicating a significant degree of venous constriction. The gradual rise in small vein pressure in the paw which contrasted with the more rapid rise in small vein pressure in the muscle may have been a reflection of this diversion of flow (figs. 1 and 6). The venous segment, downstream from the point at which small vein pressure was measured, constricted more than the small vessel segment between the metacarpal artery and vein because the rise in small vein pressure was not transmitted to the small artery. In experiments reported by Davis and Hamilton 7 a rise in small vein pressure in the hind paw was not transmitted to the small artery because of what was thought to be constrictive closure of smaller veins and arrest of blood flow to the paw at high frequencies of stimulation. In our experiments the foreleg was perfused with a pump, and blood flow to the paw was reduced but not arrested. That closure of small veins did not occur in this study is indicated by several observations, (a) Small vein pressure never exceeded small artery pressure even at high frequencies of stimulation as it did in the experiments of Davis and Hamilton, (b) A pulse was apparent at the height of the small vein response, (c) Saline could always be injected into the small vein without a sustained rise in pressure, and (d) Mechanical occlusion of the small vein caused equal and parallel increases in small vein and small artery pressures.
During nerve stimulation the pressor responses in muscle resulted, in part, from an increase in muscle flow. The small per cent increase in small vessel resistance in muscle may have been significant in terms of absolute changes in resistance because resting small vessel resistance was large. The arterial and venous segments in muscle constricted moderately.
With the redistribution of blood flow between paw and muscle the relative contribu-tion of consecutive vascular segments in each of the parallel beds may vary. 0 " 11 Therefore, additional experiments were designed to reevaluate the effects of nerve stimulation when both the paw and the remaining muscular parts of the foreleg were perfused separately but simultaneously. The preparation permitted study of the responses in a predominantly muscular bed simultaneously with responses in a predominantly cutaneous bed when both beds were perfused at constant rates of flow. In these as in the experiments in which a redistribution of flow occurred, the resistance of the small vessel segment in the paw decreased during nerve stimulation in most instances whereas venous resistance increased consistently. This small vessel dilatation probably is not passive because the pressure at the venous end of the small vessel segment increased and the pressure at the arterial end of the small vessel segment decreased so that mean pressure throughout the segment may not have changed appreciably.
In these experiments, also, constriction of arterial and small vessel segments in muscle exceeded venous constriction. These findings may explain the apparent discrepancy between the recent observations of Davis 8 who reported that the volume of the hind paw increased during nerve stimulation, and the findings of Mellander, 5 who reported that the volume of the hind parts of the cat decreased during stimulation. In the predominantly cutaneous vascular bed studied by Davis, venous resistance increased more than arteriolar resistance, and capillary pressure must have increased, increasing filtration and paw volume. In the predominantly muscular bed studied by Mellander, venous constriction was less than arteriolar constriction so that capillary pressure decreased causing a shift of fluid into the capillaries and a decrease in volume of the parts.
Norepinephrine decreased blood flow to paw and increased flow to muscle, as did nerve stimulation. The pressor responses in the small artery in the paw were greater than those in muscle in spite of the decreased flow to the paw. Relatively greater vasoconstric-tion must have occurred in small vessels of the paw. It appears from these experiments that nerve stimulation constricts predominantly arterial and venous segments, whereas norepinephrine constricts primarily small vessel segments in paw. The lack of constriction of the small vessel segment in the paw in response to nerve stimulation and its intense constriction in response to norepinephrine would suggest a scarcity of tissue "stores" of norepinephrine or a limited supply of adrenergic fibers to this segment. Of particular interest, however, is the fact that denervarion of the foreleg causes a marked reduction of resistance in the small vessel segment. It appears that this segment contributes the most to resting total vascular resistance but participates the least in the active constriction which results from nerve stimulation. Conversely, the arterial and venous segments which interpose little resistance to flow at rest, contribute the major part of the increase in resistance upon nerve stimulation. A knowledge of the catecholamine content of these vascular segments would be of importance in view of these findings. 10 The possibility that the calculation of small vessel resistances from pressures obtained by retrograde cannulation may represent only a semiquantitative estimate should be considered. Because the cannulated vessel is occluded, the tip of the catheter reflects the pressure of a collateral vessel. Unfortunately it is impossible to know where the collateral vessels connect and it is possible to show mathematically that collateral vessels operating at different levels in the vascular hierarchy would give different values for small vessel resistances.
Site of Maximal Conitrlction in Arteries of th« Foreleg During Nerve Stimulation
Intense constriction occurred in the arterial segment upstream from the metacarpal artery with nerve stimulation. This constriction caused blood flow to be redistributed away from the paw and into proximal muscular parts of the foreleg. In four experiments, we attempted to determine whether the arterial constriction occurred uniformly along Circulation Rtsearcb, Vol. XVIII, Mjircb 1966 the arteries of the foreleg and paw or if it were maximal in a particular segment of the large arteries. A small PE10 polyethylene cannula (0.6 mm O.D. and 35 cm in length) was threaded upstream through the same metacarpal artery which had been cannulated downstream. The cannula was pushed up the foreleg past the area of trifurcation of the ulnar artery 14 until its tip was at a point in the ulnar artery approximately 15 cm above the carpus. The proximal end of the cannula was connected to a transducer, model P23Gb. Pressor responses to repeated stimulations of the distal ends of the cut nerves of the brachial plexus were measured. The cannula was pulled down the foreleg at 2.5 cm intervals before each stimulation.
The pressure recorded from the tip of the cannula increased with each stimulation in all positions upstream from the area of trifurcation ( fig. 9 ). These responses were equivalent to those of the brachial artery (table 4) . At the level of the carpus, the pressor responses were reduced; they were reversed as the tip was withdrawn below the carpus ( fig. 9 ). The depressor responses in the metacarpal artery downstream from the site of cannulation were unaffected by the position of the cannula either above or below the carpus (table 4), indicating that there were adequate collaterals and that the cannula did not restrict the flow of blood into the distal paw. During nerve stimulation, the fall in pressure at a point in the metacarpal artery immediately downstream from the carpus was equivalent to or exceeded the fall in pressure at a point 4 to 6 cm further downstream. The resting pressure gradient between these two points varied from 5 to 50 mm Hg in the four experiments, and a pressure gradient was maintained during stimulation. The major site of constriction occurred at the level of the carpus. Constric-
PCRFUSEO BRACHIAL ARTERY
Pull back prtMur* -Ulnar to Mttocarpal NCRVC STIMULATION <2OV,2MS£C I2co«) FIGURE 9 Effects of repeated nerve stimulations on pressor responses in arteries of paw and muscle in the perfused foreleg. Pressor responses observed in the ulnar artery (third tracing from the top) were similar to those observed in brachial artery and a small muscular artery. At the trifurcation of the ulnar artery, the pressor responses were reduced and below the trifurcation they were reversed and resembled the responses observed downstream in the metacarpal artery (second tracing from the top). Responses to the same nerve stimulation were measured three times: A represents pressures obtained in the ulnar artery above its trifurcation; B represents pressures obtained at the trifurcation and C represents pressures obtained just below the trifurcation. a, b, and c represent pressures measured simultaneously with A, B and C in the brachial artery (BA), the metacarpal artery (SAp) and a small muscular artery (SA m ). In the fourth experiment small artery pressure in muscle was not measured. tion of metacarpal or smaller arteries downstream from this point was negligible. Davis 8 had demonstrated that the arterial segments upstream from the digital artery in the hind paw constricted more than the small vessel segment in response to nerve stimulation. Davis and Hamilton 7 also observed an abrupt fall in arterial pressure during nerve stimulation at the level of the ankle. They concluded that constriction was limited to vessels lying distal to that level. Because of constrictive closure of arteries at the ankle and arrest of flow in their preparations, they were unable to determine whether arteries downstream from the ankle constricted but explained the fall in small artery pressure on the basis of a static column of blood between the metatarsal arteries and the capillaries. 7 In our experiments flow to the paw was not arrested and the pressure gradient along the metacarpal artery was not changed appreciably during stimulation; the greatest pressure gradient occurred at the level of the carpus, indicating that this is the locus of maximal arterial constriction.
Effect of Nerve Stimulation on Pressures at Various Sites in Arteries of the Perfused Foreleg
Summary
The effects of stimulating sympathetic nerve fibers and of intra-arterial norepinephrine on vascular pressures and resistances in muscle and paw of perfused forelegs of dogs were compared by means of small vessel cannula-tions and during constant blood flow. The following conclusions may be drawn:
1. Sympathetic nerve stimulation causes constriction of the large artery segment predominantly. The constriction appears to be most intense at the level of the carpus.
2. The large artery constriction at the level of the carpus diverts blood flow away from the paw and into more proximal muscular parts of the foreleg.
3. Changes in segmental vascular resistances during nerve stimulation differ in paw and muscle. In the paw, venous segments constrict markedly whereas small vessel segments usually dilate and may constrict minimally; but in the muscle, arterial and small vessel segments constrict more than venous segments.
4. The effects of norepinephrine differ from those of nerve stimulation. Norepinephrine causes constriction of small vessels in paw predominantly. Constriction of both small vessel and venous segments in paw exceeds constriction of corresponding segments in muscle.
